The relationship between glucose-induced insulin secretion and metabolism of inositol phospholipid was investigated by means of an islet perifusion method and direct measuring of inositol phosphates after sonicating the islets.
, and Clements et al. hypothesized that the breakdown of inositol phospholipid is more related to the initiation of secretion than is phospholipid resynthesis5-6. But the initial event of glucose-induced insulin secretion and the exact nature of enhanced inositol phospholipid turnover in islets have not been fully elucidated.
In the present study, by using the islet perifusion system designed by us, we investigated (1) the dynamic relationship between insulin secretion and phosphoinositide breakdown during glucose stimulation and (2) the insulin secretory response induced by exogenous inositol phosphates. In adReceived June13, 1986 Abbreviation:
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Inosito1- inositol phosphates were eluted by the stepwise addition of solutions containing increasing levels of formate. Details of the solutions used are provided in the legend to Fig.2B .
Radioactivity in each of the fractions Lwas counted following the addition of10ml
Aqasol scintillant. The lower chloroform layer was dried under nitrogen gas and applied to TLC as described above to check the remaining phosphoinositides in cell membrane. In the control study, buffer A instead of buffer B was used and the same procedures were performed. To identify the accuracy in the Dowex-1 chromatography used by us, Ins-P3 purchased from Sigma Chemical Co. was eluted in another column in the same procedure as described above and the phosphorus contained in each fraction was measured by the method reported by King." (Fig.7 ). 
Results

[2-3H] Myoinositol incorporation into phospholipids
When islets were incubated with radiolabelled myoinositol, the incorportion of radioactivity into PI increased with time while PI-4-P and PI-4, 5-P2reached" isotope equilibrium" after60min ( Fig.1 ). In2hr incubation, more than80% of total radioactivity was recovered in the PI fraction while PI-4-P and PI-4, 5-P2was6-9% and 14-20%, respectively. We used 2 hr labelincubation in the following experiments. 
Identification of inositol metabolites in sonicated islets
Figs.2A&2B show the elution profile of water-soluble3H-labeled inositol components extracted from sonicated islets after simultaneous incubation in2.8mM and 16.7mM glucose buffer respectively for certain lengths of time. It revealed that immediately after16.7mM glucose stimulation (2-10seconds in these experiments) there is an elevative dissociation in the Ins-P3 portion as compared to the2.8mM control group while there is no any significant difference in either the Ins-P or Ins-P2 portion. This Ins-P3-prominent phenomenon continued for1minute
while Ins-P became prminent thereafter ( Fig.2A, 2B) . In order to confirm this phenomenon, the same experiments were performed5times. After 2hrs of3H-myoinositol label-incubation, the islets were sonicated and inositol phosphates were separated as described in the method, and the total radioactivity in each 5 ml fraction of Ins-P, Ins-P2 and Ins-P3 was taken as basal. After incubation of 3H-labeled islets with 2 .8 and 16.7 mM glucose for the lengths of time indicated in Fig.3 , the inositol phosphates were extracted and the total radioactivity of each 5 ml fraction of Ins-P, Ins-P2 and Ins-P3 was compared with the basal ones. It is clear that within a short interval of stimulation the most rapid formation of inositol phosphates is Ins-P3 (p<0.05, in 2 sec) (Fig.3) .
Phosphoinositides remaining in the cell membrane after 2 sec stimulation also showed that the radioactive increment of Ins-P3 in cytosol was equal to the radioactive amount of membrane PI-4,5-P2 hydrolyzed (Table 1) .
Dynamic islet perifusion study and the release of 3H radioactivity from perifused islets After 2-hrs of label-incubation, each of 100 islets was transferred to a perifusion chamber and perifused with buffer containing 2.8 mM glucose for 30 min. At time The release of insulin was biphasic while that of 3H radioactivity was monophasic.
Because it takes only 20 sec for the perifusate to traverse the dead space of the system (as shown in Fig.4B (Fig.8,  9 ). No insulin secretion was found in Ins-P and Ins-P2 perifusion studies (Fig.10) .
Preliminary experiments on qualitative measurement of quin 2 fluorescence induced by adding exogenous Ins-P3 to islets without any "permealized" treatment In (Fig.11) are shown the quin 2 In this islet perifusion study, the efflux of 3H from islets pre-labelled with [2-3H] myo-inositol was used as an index of phosphoinositide breakdown during stimulation by glucose. Axen et al. 12 demonstrate that the release of 3H was delayed with respect to the onset of insulin release and remaining elevated throughout the perifusion period. But our present study, and also the observation by Clements et al., 5 showed that the release of 3H from the perifused islets as a response to glucose was rapid and transient, completely disappearing before the second phase of insulin release began.
In a preliminary (data not shown), we used 16.7 mM glucose with LiCl omitting from KRBB as a stimulating perifusate and, after Dowex ion-exchange chromatographic separation of the peak effluent water-soluble 3H , it revealed that the most common component is 3H-myoinositol, as reported by Clements et al. 5 According to a recent observation by Best and Malaisse15, the phosphomonoesterase (s) responsible for the hydrolysis of Ins-1, 4, 5-P3 and Ins-1, 4-P2 may be inhibited by a high concentration of LiCl. In order to prevent the hydrolysis of inositol phosphates by phosphomonoesterase, in the present study, we added 20 mM of LiCl to all buffers used in perifusion and sonication experiments, and the Dowex ion-exchange chromatography results revealed that the main component in the perifusion effluent 3H is Ins-1, 4, 5-P3 (Fig.6) . No insulin inhibitory effect was produced by 20 mM LiCl in preliminary studies (data not shown).
Another significant result of the present study was the finding of a large amount of Ins-1, 4, 5-P3 in the perifusion effluent as well as in the sonicated islets, especially within early several seconds after high concentrated glucose stimulation ( Fig.2A, 5, 6 ). Also, the fact that the cytosolic Ins-P3 formed after glucose stimulation was equal to the amount of PI-4, 5-PI2 hydrolyzed rather than due to the phosphorylation of Ins-P and Ins-P2 (Table 1) revealed that the actual and immediate breakdown of phosphoinositides was due to the hydrolysis of PI-4, 5-P2. It is regrettable that we cannot purify the Ins-P, Ins-P2 and Ins-P3 formed by glucose stimulation and recheck whether they can trigger insulin secretion, but by using authentically synthetic inositol phosphates it was found that only Ins-P3 can stimulate insulin secretion in both perifusion and incubation and with a good dose-response relationship (Fig.8,  9 ), while Ins-P and Ins-P2 cannot (Fig.10) .
Thus, In pancreatic islets, the large and rapid rise in the level of Ins-1,4, 5-P3 suggested that the hydrolysis of PI-4, 5-P2 may be an initial and integral process during glucose stimulating insulin secretion. In a recent report, it has been suggested that Ins-1, 4, 5-P3 may be an intracellular messenger whose probable function is to release calcium from an intracellular store.13 In our study (Fig.11) , by using a small number of islets (50 islets per experiment were used) and without any "permealized" preparation taken, it was shown that Ins-P3 can penetrate the cell membrane and trigger intracellular Ca2+mobilization as well as insulin secretion.
On the basis of our present study and evicence obtained so far in tissues other than pancreatic islets, we postulate a speculative model for phosphoinositide turnover and insulin secretion in islets. Most of the fraction recovered after 3H-myoinositol labelling is PI but the actually hydrolyzed fraction when stimulated with a high concentration of glucose is PI-4, 5-P2. In our model, PI has no direct role to play in the glucose-induced insulin secretion other than to function as a reservoir to replenish PI-4, 5-P2.
The problem remaining unsolved is why Ins-1, 4, 5-P3 can penetrate the cell membrane during the perifusion study. As it was known that PI as well as PI-4, 5-P2 were in the inner side of the cell membrane, after hydrolysis with the enzyme phospholipase C, the product (s) of water-soluble inositol phosphates may be released into cytosol. Since we did not do any "permealized" treatment of islets, we do not know why these water-soluble product (s) can "break through" the cell membrane. In order to solve this problem further investigation should be performed.
One conclusion of our present study is that inositol-triphosphate may trigger firstphase insulin secretion stimulated by glucose.
